Objectives: To investigate in a population sample of Portuguese young adults the association of the FTO variant rs9939609 with obesity, BMI and body-fat and interaction with physical activity (PA) on obesity-susceptibility.
INTRODUCTION
The first common genetic variants undoubtedly related with susceptibility to obesity were identified in 2007 among individuals of European ancestry in the first intron of the human FTO (fat mass and obesity associated) gene (chromosome 16q12.2) (Frayling et al., 2007; Dina et al., 2007; Scuteri et al., 2007) . From all the FTO single nucleotide polymorphisms (SNPs) located within the obesity-associated region spanning introns 1 and 2, the most widely replicated is rs9939609.
The FTO gene encodes a 2-oxoglutarate-dependent nucleic acid demethylase (Gerken et al., 2007) but is also a transcriptional coactivator (Wu et al., 2010 ) and a possible regulator of telomere length (Dlouha et al., 2012) . FTO is abundantly expressed in the hypothalamus, and epidemiological and functional studies suggested to be directly involved in the regulation of energy intake (Cecil et al., 2008; Haupt et al., 2009 ). Moreover, FTO is expressed in multiple tissues such as white adipose tissue, skeletal muscle and liver, also having direct influences on adipose tissue metabolism (Grunnet et al., 2009) .
Several recent studies suggested that physical activity may attenuate the influence of genetic factors on development of obesity. The most extensively studied example of a gene interaction with physical activity in obesity is for the FTO locus, concluding in general that physical inactivity accentuates the association of FTO variants with obesity-related traits (Andreasen et al., 2008; Rampersaud et al., 2008; Lee et al., 2010; Ruiz et al., 2010; Xi et al., 2011) . However, this gene versus physical activity interaction in obesity was not yet assessed in a young adult population.
In the Portuguese population, the prevalence of overweight and obesity has increased during the last decade reaching values of 40% in children of 7-9 years-old (Cardoso and Padez, 2000; Padez et al., 2004) . Recent genetic association studies in children (Albuquerque et al., 2013) and adult females (Carlos et al., 2013) replicated the association of FTO variants with obesity and obesity-related traits, however no interaction with physical activity was assessed. In this study, we examined in a population sample of Portuguese young adults, including males and females, i) the association of FTO variant rs9939609 with obesity, BMI and body fat mass, and ii) the interaction between rs9939609 and physical activity on obesity-susceptibility. We further determined the correlation between BMI and percentage of fat with physical activity, and whether the association of weekly physical activity measured as the total MET minutes on BMI and fat percentage was modified by genotypes, using Spearman's correlation test. Rank variables of the continuous data have been created in order to illustrate non-parametric Spearman correlations. These statistical analyses were performed using the SPSS software, version. 21.0.
MATERIAL AND METHODS

Study
P-values <0.05 were considered as statistical significant.
(Detailed description of the measurements, genotyping and statistical analyses can be found in Supporting Information -S-Material and Methods).
RESULTS
Characteristics of the study sample distributed by sex are shown in Supporting Information S- Logistic regression analysis, in the additive model, revealed for the total population that the FTO rs9939609 minor A-allele was near associated with the overweight (including obesity), adjusting for sex and age (OR=1.32; P=0.064) ( Table   2 ). Moreover, the recessive genetic model showed significant association between the rs9939609 polymorphism and the overweight/obese phenotype (X 2 =4.47; P=0.034).
Accordingly, 21.6% of the overweight/obese individuals were homozygous AA compared to 13.6% of the lean subjects.
Interaction between the FTO rs9939609 polymorphism and physical activity on adiposity
The logistic regression analysis, under the additive model, testing overweight/obesity associations for the population split per sport practicing (Table 2) revealed for the group not-practicing sport a significantly increased risk for the minor 
P=0.274).
DISCUSSION
In this study, we investigated in a sample of Portuguese young adults (mean age of 21 year-old) the association of FTO variant rs9939609 with obesity, BMI and bodyfat as well as the interaction between rs9939609 and physical activity on obesitysusceptibility.
The young adult study sample revealed a prevalence of overweight (16.7%) and obesity (4.4%) similar to that previously reported for Portuguese adults within a similar age span: men 26.9% overweight and 4.4% obesity; women: 15.6% overweight and 2.4% obesity (Carreira et al., 2012 (Loos and Bouchard, 2008) . While BMI is generally a good indicator of overall adiposity, it does not distinguish fat from lean mass. Thus, we further analyzed the body-fat percentage as a more accurate estimate of body adiposity, and indeed an increase of 0.67 % (P=0.031) in the fat percentage, per A-allele of rs9939609 was observed.
In this study sample of young adults we found an interaction between the FTO rs9939609 variant and self-reported sport activity on the risk of overweight/obesity whereas a significant association (P=0.02) was found in subjects without practicing sport but not in those reporting practicing sport activity (P=0.97). Thus, our data suggests an FTO genotype's association with obesity being more pronounced in inactive than in active subjects. This observed moderation effect of physical activity on the genetic susceptibility to obesity is in accordance with previous data of gene versus physical activity interactions showing that low physical activity seems to accentuate the effect of FTO risk alleles on body fat accumulation both in adults (Andreasen et al., 2008; Rampersaud et al., 2008) and children (Ruiz et al., 2010; Xi et al., 2011) .
We further observed by using a correlation test that the impact of a successive increase in MET-minutes of physical activity was a decrease in the body-fat percentage, which is more accentuated for subjects with AA genotype, and an increase in the rank of BMI, with a significant correlation for the homozygous TT subjects. This apparently contradictory result may be explained by natural physiological differences, as our study sample includes only young adults (mean age 21 year-old). Contrary to older people and children, young adults have a larger variation in muscle mass and generally higher muscle mass content (Sayer et al., 2008 ) so the change caused by exercise has an effect on body composition rather than total mass (Westerterp, 2013) . As BMI variations are mostly the effect of the muscle to fat mass proportions, the observed significant increase in BMI under physically activity, mainly in young adults homozygous for the major genotype TT, could be due to an increase in lean (muscle) mass rather than in fat mass.
Since the homozygous AA individuals have a tendency of fat accumulation under the conditions of low physical activity, which we have also found, their BMI does not change with the increased activity, but we can rather observe the transition from fat to muscle mass. This could explain why we can see in homozygous AA individuals a significant decrease in fat mass associated with higher activity levels but no significant change in total body mass. Individuals with TT genotype, having lower tendency of fat accumulation even when inactive, increase their body mass by building muscle, so the correlation is pronounced for the BMI and not for fat mass.
In summary, our study replicated the association of FTO rs9939609 variant with increased body mass in a population sample of Portuguese young adults and revealed the influence of physical activity on the attenuation of genetic susceptibility to obesity with the consideration for both lean and fat mass variations. In more physically active groups, we have found no significant association of the FTO variant with overweight/obesity. Moreover, our data suggest a change in the different body components (lean and fat mass) in young adults associated with different levels of physical activity depending on the FTO genotypes. To our knowledge, this is the first study in young adults to report an interaction between the FTO rs9939609 polymorphism and physical activity level on obesity indices.
Legends Figure 1:
Correlations between the MET-minutes of the total physical activity and BMI and body fat percentage for the total population sample in the absence of genetic effects (A and C) and per FTO genotype (B and D). To illustrate the non-parametrical Spearman correlation, rank values of all three variables were plotted instead of the actual values. 
